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tllcii i t e r a t i v e  dccodcrs. It is IIOL IVitll;fl tllc scc)j Ic o f  t h i s  l,ai~ct  to dcscril)c aIId arI:Ilyn tt]c dccc)dirig

al f,ori(lttils P’or tllcrlt, ttIe reader is addrcsvd to [Y, 4] (for l’(;(:(~) aIId  [3] (for S(;C(:). l{atl~crl Ivc ai!ll at
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‘J’]Ic t,lock  diagrarrlc,fa I’C(:C (Ltlc  salllccc,llstrllctic~ll also  aj,~,lics  Lol, ]ock  c o d e . )  issllow[l ill l’ig. 1. III

ttlc fif,~lrc,  a tatc 1/3 I’CC:C is  c)t]lziirlcd  usilip,  t\vcj Iatc 1/2 co]lstitucrlt crlcodcrs ((:(:. s) aIId  [III i[ltcrlcdvc:.

}’or coclI  ill~)ut il]forlilaticl]] h i t , tllv cmlcwotd s[lit to t}Ic  cha II IIcl  i s  fOIIIICCl  t!y tlIc ili[,ll~ t~it, follo!vc[l lIy

tlIe ~)arity  clIcck  t~its /,el Icratcd  t)-v tl]e twJcIIcodcIh.  III l’i~,. 1 , t]], I)io[k dia~,[all~  of t}lt. it, clativc  dccc)d(r

i s  a l s o  s} IowII.  It is hascd 011 two rllodulcs dcrlokd I)y “S]  S( ) ” ,  OIIC for r;iclI el[codcr, al] illtciicavcr alId a

dciltkrle:ll’tr }wrfc}rrl]i]l~, Ltlc illvcrhc iwrlllu~atic]r[ Yvilll rcsl}cct t(I  tllc i[][c]lcavcr.
‘J’tlc  SIS() r]lodulci+a fo~~r-~lort  dcvicc, \vilil twcI il]~)uts aIIc] two c,ut~)uts.  A  dct:iilcd clcsc[i[)tio[t  c) fit,s

ol)cratiotls i s  clcfcrrcd to tllc I]cxt scctiorl.  Ilcrc, i t  sll(li(c.s t(,sdy ttlat it accc]]ts  a\ illl~uts ttlc [~rc,t,at)ility
. .

Cli Sbrlt)lltl  011 S Of t]lr’ lIlfC)rllli\tlOll  a r i d  CO(]C Syr!lt)o]s ]at)c’]]ill~, t]Ic edp,cs  of t,]Ic c o d e  Lrv}lis,  aIId  fc)rllls  :.s
o~ltl,uts a] I u}~date  of tlicsc dis(rit.)utiorls b a w d  ulI<)lI  ttjc cc,(l(:cc]llstraillts. IL CaII t,r rloticcd, frc,lll  }’i~,. “ 1 ,

tttat the uI)dzttcd ])rol)al)i]itics of t}lc code  syIIIl~ol\  afc IICVCI us(.d t)~ tl)c dccodillg al:,orittllll

2.,2 serially c:c)ll(::it!cll: itccl (:cldc’s

‘J’)lc t)]ock clia~,ra]ll c)f a S(:(I(; (tllc sarlle co]lslructioti a]so a[]j,lics to lIlock cc,dcs) i s  sl]clw,Il itl l’ip,,  2. II I

ttic fi~, urc, o rate 1/3 S(~(~C; i s  ol>t:tirlcd usir[~,  a< ovlclctlcodct  a r a t e  1/2 cljcodcr, al,{] a< it,ri(r el,cc~dc!

[t rat,c ?/3 cllcodcr. AII illtcflcavc[ Ilcr[llutcs tl)c ollt[jut. codc}vords of tllc outc[ c o d e  Ijcforc },awi[l~, thclll
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to tllc ili[}cr c o d e .  III l’i~,. 2, ttIc lJlock  dia~,ralil of tllv i(ctativc dccodcr I S  a]so  SIIOWII.  lt I S  }~;iscd C)tl t\vc1
Illo(lulcs (Icrlotccl  tly “ S 1 S ( ) ” ,  orIc for cacti  CIICOCICI) aII illtcrlcavcr aIId  a dcirltcrlcavcr.

‘J’tjc S 1 S 0  lJIcI~llllc  is tllc sal IIc as dcscrit)cd t)cfc)rc. III ttlis ca~c, tlIc Iu~,l I, t,c,tt!  uj, clatc~] l,rc,l)al>iliLics

of illl~llt aIId  coclc syIIIl)c)ls  are us(d ill tll~ dccoclillp,  }Iroccdurc.

2,3 So ft-oui(])ut  alp,oritjl)llls

‘J’}Ic S1S() rllc)dulc is t~awd  or] l[laxi[Ililll) a lmstcri(lri (AIA1’) al~,oritllr!ls. NIA1’ :ilp,oritllrlls lIa\’c bccII

!itIowII s i n c e  tt)c  e a r l y  scvcIllics  [b, 6, ‘i, 8, 9]. ‘1’IIc alq,ori(lli[ls ill [ 6 , 1, 8, 9 ]  I,crforlll I)otli forivard atIJ

I)ac!iwarcl  rccutsioIls, rIrId thus r e q u i r e  that tlic Jvllo]c  SC(IUCI  ICC lIad Ilccri rccciv~v( 1 I,cfo[e starti Il~, the

dccodill~,  olwtittiotls. A s  a col Iscque  IIcc, t}lcy carI orlly hc u s e d  ill I)lock.lllodc dfcodillp,. ‘1’tlc  tllctiiory

rcqllircr I]crlt ar id  cc~t]ll)llt:itic)ll:il ccJrIll)lcxity grow lilicarly ~~itll  lIIC scq[lcrlcc lcIIF, tlI.
‘J’l Ic al~,olitllr(i ill [b] requ i res  c)tIly a fo rward  rccurbioll, SCI Illat i t  car! I)c usvd irl cotitilj~lo~ls -r[lodc

dccc,dillp,.  llo~vcvcrl i t s  lrlcr[lory arid  cc)lll[)llt:iticlll[ll corlll)]?xity f,rcl!vs  exl)(]llcrltially \vitll [lIC dccodirl~}

d e l a y .  I{cccrltly, a hIA1’ s~lltl)c~l-t~y-syllil~cll  dccc~di[lp, algoritlllli  co[ljugati[:f, tile ~,o~itivc  a<l~cc(s  of l]rc-

vious alp,orltllrlls,  l.c. a fixed delay  and llrlcar rI]crllory aIId  cc)rlll)lcxity growth wi[}l dc(o(lirjg dclav lIas

t,ccll proI)osrd iiL[l O].
A l l  J)rcviousiy dcscri~~c(l  al~,oritllill~ a r c  truly ~l)il’ alt,orilllrll~. ‘Jc> rcd(lcc tlic cc,rill,llt;!tic,l]~!l ccIIII.

plcxity, v a r i o u s  forl Il of sulm~ltilflurrl soft- outllut alp,orithrlls hayc  ~)ccrl l~rol]c)s?(l. ‘1’\\’o ,?l])ploachcs  llavc

bcerl  takcrl.  “J’tlc firs~  al]l)rmrcli t r i e s  to rllcdify ttic Vitcrhi alp,orithr[l. l’orllcy collsiderc(l “au~,lrlcrltd

outl]uts’) frc,rlitlic Vik’rl, i al~,c]rit~)lll[]]]. ‘1’IIc.w a~lp,li!clltcc]  -()~ltl,()  tsitlc!~tclc tlIc d(c~)tl~ a l  w’liicli al] ~,atlls

arc rIlcrgd, the difl CrCtl CC’ III IC’llf, th bctwccll ttle t~cst  aIId  t~lc Ilc’xl-t)c.it I)attls a t tilt Ijoitlt o f  lrlcr~,illf,,

atld a p,ivcll  rlllrlll)cr c)f tlIe Illost likely I)ath scqucrlc  es. ‘I’tlcs:llllc ccl[lccj)t of:llIf,[[lcllt <’(lc)Llt[l(lt Waslakt

f,cllcrali7cd for  vilric}us al)ljlicaticllls ( 1 2 , 1 3 1 1 4 , 1 5 , 1 6 ] .  Acliflcrc,,L c,~,~,r<,,cl,t  c,t},c~,,cclil; c;iticr,cftl,c

Vitxrt, i alp,oritltlll wa$ f o l l o w e d  irt [1”(], }vhicll cc)[lsisk  ill F,cllcratirlp, a rr[i:tt)iiity value for  czlcll i)it of t~Ic

Ilar(l-outllut sigrlal: i t  iscalld so~f-07Jlpui  Vitclbl olgc~lii/~rrt(S(J\’/l). 111 tllc bi[larycasc, tllcdc:, radatio[l
$OVA isrlc,t, ascficctivc ill ttlc Ikc,ri  I,illary case. /fo f  S O V A  wit.  }1 rc.sl)ect  to hfAI’ is slI]all [18];  IIowcvcr, i

corlll~arisorl ofscvcral sul)c)~)tirllurll soft-  outl)ut al f,oritllrils call  lJC fourl(l ill [19].
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‘J’}IC sccorld  a[)l)rrmctl corlsists ill revisiti IIF, ttic ori?, ilial syt[lt,ol NIA1’ dccodi[lf, alg,{)ritt)rlts  (5, j], with

t h e  air[l of silllplifyinf’, thclII to a fc)rrll  suit: tt)lc to ilrll)lcrIicrlt:~tio[l [10,  ?0, 21, U’, 23, 24, 2:)].

3 ‘J1]]~ S]so II”lodulc!

3.1 ‘J’llc c! I”rcc)de I’

‘J’}lc clccc,di]lg al~,c,ritiirli ulldcrlyirlg  tl}c l~cllavior c,f S1S()  works fol codes  adrllittillg, a tr{.llis rcl>rcwl(-

tatic~[l.  It CaII be a ~illlc-illvzLri:lrlt o r  tilllf?-varyln~, trrllis, aIId thus the alp,orittil I) CaII tw used f o r  I)clttt
block :i,, cl cotlvolutic~rlal codes.  11] tllc folloivi[ip,, for sir,ll,licity o f  (lie Cx[)osi(io[,, \vc w i l l  rvf(, b LIIC C3W

of i:lile-iul,rrf ialit convolutioilui c o d e s .

Irl F’i F,. 3 wc slIow a trci(is encocfr T, cllarac[cri7. (4 Iby [tic follow’ i[lf, ~l~larltiticsl :

Wllrrc

}’k(7f)A 1’[UA :  U]

I ’ ( C ) :  (/’k(C) )L(}{

‘J’]lf?  d~l]afllics of a ti]Ilc iIIV?Iri~Lllt  CC) II VO]UtiOIla 1  c o d e  i s  Cc)lrl])lctcly s[,ecificd t)y a sillp,lc 17(//1s srcliori,

wllic]i Clcscrit)cs  tllc trartsitiorls (“cdp,cs”)  tlctwccll tlIc s~atcs of tl]c t r e l l i s  a t  ti]l]c ilwtarlts k arid k .! 1.

A trel l is s[!ctiorl is Cllar:lctcri7cd Ly:

●  a set o f  N s ta tes  ,$ : { S 1 ,  . . . , s,.v}. ‘ l ’ t i c  s[atc c~f tlIc f.rellis at tilllc k is Sk : s ,  w i t h  s  C ~$.

f= .$ X147 {( ’r, . . ..c AL J\.},

wllicli re;)rcwIlt all ]K)ssil)lc  tra]lsitio[ls I)ctwccll t,llc t r e l l i s  s[ates

1 11[ t}tc follow! llig,, ca~>it <al lcttcrb U, L’, <$, }; will dc:lotc  IaIId OIJI  vd!iht,lcs, artd IOWCI  c.a<c ltttcl> u, c, s, c tlleii  Icali7atic,  (L<.
‘I’t,  c Ic,riiall Iette]  I’(A]  will dcl[ote  tt,c  l,rot~at,ilityc,f  tt~c {vci,t  A , wlIc Icas Lt!c  lcttel }’(n)  (i talic) will  dcttotc  a fll]lctic,li

o(  0. ‘1’llc  sllt,wri[,t  k W i l l  [Icllotc a  disclc~c  till~c,  dcfir!  ccl orl tiic tir,,c il,dcx s e t  1{, ott~cl stlhsc[il,  ts, l i k e  i ,  will  Icfcr  to
clc[,, r]tts of a ftrtite seL.  AlscI, “ ( )”  wi l l  dcr,ote a tir,tc sr.q,,eric. c, w} LcIca\  “ { } ”  w i l l  dct,c,tc  a fir,itc set of  .Ic[i,c,,ts.
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●  Lllc c[ldirl~, state .sJ:(c);

+ tllc irll]u~ sylilt]ol u(c) (tllr ~]rojcctio[l  o f  r 01110 H);

‘J’llc  rc]atioilstli[) t~cL~’.’ccrl L]lcsc f~lliclic~ils  LICIICIId S CIII  tl~t’ [ p a r t i c u l a r  dllcc~dcr. As aII  cxarllljlc, ir! t]ic

case of systcrliatic  crtccdcrs  (S f”(c),  c(c)) alsc)  idcr~tifi(..  tllc cd:,c sirlcc  u(c) is urliclucly dctcr![]iricd t~y c(c).
III tiIc fc,llc~$~irt~,,  ~$’c C)llly a~~[lrtlc  ttlat tti< IJ?!ir  (s’s((),  u ( e ) )  ulliq(lely’  idcrltifics  t}IF ciidill~, state s}:(e);

this  a.wur[l[jtic>rl  is always  ver i f ied , as it is cquivalt,lit to say ttlat, p,ivcrl  the initial t re l l i s  s ta te ,  t}lcrc is

a  ol)e-to c)lic corrcs[)olldcllcc  Ilctwccrl illllut  s~.quclIcm  a r i d  sta~t’ seq IIe IIccs, a I>ro{)crty rdq[lir ccl for ttlc

c o d e  tc, t)e utlique]y dccc]clat)lc,

3 . 3 ‘I1lIG S1S() a.lp,c)ritlll]]

‘1’llr SOft-lrl I)ut SOft-(Jutj)ut (S1S()) l[lc)clulc i s  a  folr! I,ort dcvicc that accr{)ts at tllc illl]ut tl]c Scqucllccs

of l)rot~i(llilily distrit.lll tic)lls:
I’(C; I) }’(rf; l) ,

alId  out~]llts the Scqucllcm C)f ~JrO1lat~ility  distrll~lltio[ls

I’(c; ()) l’(l(; ()) ,

bawd 011 its irli~uts arid c)ll its krlowlcdp,c c~f tlie Lrcllis s[ctiorl ( o r  C o d e ,  ill gcrlcral)

\Vc  fissllr,tc first t}lat tllc tilllc iIidcx sc~ 1< is filtitc, i.e. 1{ : {1 , . . . . 7,}.  ‘1’IIc algc)ritl!l,i t)y wllicli ttlc

S 1 S ( )  OI,era(es  irl evaluatirlp, tllc c)lltljut clistril,lltio[ls w i l l  t,c ax~,lai[lcd ill two s[ci)<.  l’irsL, wc c(l(lsider

ttic fOll  OwillF, alp,oritlllll:

●  At tirr]e k, t.tlc OUtI)UL ilrol~al)ility dis~rit)utior]s a r c  corrll]lltod a<

fiL(~; ()) : ilc ) ; AL.  I[s’$(c)]}’k [u(c); ]]} ’k[c(c); J] IILIS}; (C)]
cc(e): <

j’k(lfj 0) : iIt, } ; A,. ,[$$. (r)]} ’,[l((c); 1]} ’,[C(C);  I] I;, [S’’(C)]

e u(e): u

(1)

(1)
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‘1’]Ic ql!alltities f~c, }~,, arc  rlorlila]i7atioll  colls~atlts dcfi IIcd a’T fcIltcIN’s:

l’rc~rl,exI~rc>sicJrls  (1) and  (P), itiszLl)[l:~rclLt tll:!ttl!c q~larltitics l'k[~~(c);  J]

l’AIc(c); I] ill ttlc sccorid do riot dcIwJIcl  orl r, by dcfinitiorl o f  the surllrilatioil

e x t r a c t e d  frolli tllc surllrllatic~ris.  ‘1’bus, dcfillill~ the rlcw  qua]ltitim

}’k(c;o) o ~: pk(c;  o )

c }’L(C;  1)

J’A(V; O) A ~, f’k(l(;  o )

“ )Jk(u;  l) ‘

}vllcrc I Ic ,  IIt, are lic>rr[”litli~:!tic~li  co[ls~arlts  sucl  I tliat

)’~(c; o): 11.;j, }: ‘4,., [$’. ‘ (C)]} J,[U(C); J]} I,[.S’’(C)]
cc(e): c

}’ A,.,[s’$(c)]}’,  [c(c) ;I]}I,[.s’;(c)],}’L(V; O): IIt, ilu ,
t- ,,(<): ,,

w h e r e  t,lIc ,4’s and Ws sa t i s fy  tllc sarl[c  tccursiorls l~rcvious]y irttrmluccd ill (3).

ill tllc f i r s t  cquatioti  and

ilidiccs, a]ld thus cafi be

(’i)

(8)



,

As J)rcvious  dcscriptior) slIcIuld  have  IIIadC  clear, tllf S1S() al~,o[itllrll rcq~lirw tl)at Lti(’ Ivl Iolc seflucrlcc  lIa(l

t~ccr] rcccivcd Ijcfc)rc  startill$ t}Ie  srllcwtl)irlr, l>rocc+ ‘I’l Ic rdawll i s  duc to tllc i,dckwarcl tccursic,rt  that

s t a r t s  fror Il tile (Supj)oscd  krlcfwrl)  firlal trrllis stat.c,  As a ccrllscqllcrlcc, Its l~tacticai a{]l)lica[iorr is Iir[titctl

to t,tle c:iw wtlcrc tt)c duralic,rl o f  t}lc trarlsrllissioll is snort (7 I  srilall), o r ,  f o r  TI lc,rl~,,  wl!erl tllc rcccivcd

S~y~tICIICC  earl ljc sc~,rlicrltdd  il,to ir]dcl)crldeIlt collsccutivc  b l o c k s , Ii!ic fclr },lock codes  o r  ( or]kfc]lutiol,p,]

codes  \vitll t r e l l i s  t.~rrllirlatiorl. lt carlrlot t)c uwd f o r  cc~rltirjucj(is  Cl(cc]dirle, of corlvolutiorlal cocl~s. ‘J’his
corlslr airit leads  k) a frarllc ri~, idity irlllmsc[ I tc) tllc systc,  Ik, arlcl 31s,, rcdrrccfi  tl,c oirra[l c,I,I, r a t e .

A  rliorc flcxi},l~’  ~lcco~irl~,  stratcg,y  i s  oflcrcd I,y lrlodifyirip, [III: til~,oritllr,i ir, suclI a \vay t h a t  tlic S1S()

II Iodulc c)j]crates  C)[l a fixed lIlcrlmrysl)a[i, and olltlIuts tllc slrlo(~ttr~’d  ~)ro}~al)ility di~[ril)ulic]lls after a p,ivc:r
clclay  l). \l’c c:~ll ttlis rlcw  alp,c~ritllrll  tile slid’t~lg wt~IO’cJIII  so/f-/7Ip7/i  sojf-ouipuf (S\\” -S IS()) alp,c)ritllrIl (ard

Illcdulc).

}~c l,r<[)c,sc  ttvo vcrsiorls o f  tllc S’A’-SISO, itl]icll dificr i[l Lllc !~ay tlicy u~,rcorr,c 111, [Iroljlclri c,f
irlitialillpl tl]e l)ackj~:trd rccur>ic~rl \viLllouL ivaitirlg for LIIC (rltirc seqt IcIIcc.  1,’rcliIl IIOW orl, wc :lsSurI1c that

tl}c tilr)c itldcs s e t  Ji i s  scrlli-illfirlitc, i.e. K  : { 1 ,  ., c-0}, aIld t h a t  tttc irlitial  statp so i s  k[]owrl.

441 ‘J’l]e first versic]I1 o f  tlIe slidill~, wil]dow S1S() ;L]:,o]it.11]]1  (S}$7-S1S01)

‘J’lIf7 SW-SIS(J1  alp,oritllrll consists  o f  tllc fc)llowill?, Stcl,sl:

1 .  iilitialixc .io accc~rdirlg  to (5).

2. F’c)rwarfl  rccursiorj  at tir[ic k: cortlljutc tl}c f~k tllrou!, ti tllc forwar(l rccl]rsio[i (3).

3. lrlitiali~atic)rl of llIc I)ack}v;ird recurhiol] (tir[lc k >  l)):

)IA(S)  : .dk(s) Vs (g)

4, l{ackwarcl  r(cursic)rl:  i t  i s  [)crforrrlcd  accord itlf, (,0 (4) frolli tirr]r k - 1 l)ilc!i tO tirric k - /) :IS

1)~. ~(s) : } ;  11,[~’cls ( . ) ]  ‘A. l[u(t); )]} ’k- l[C(C); I] ,k: !c, .  .  ..k -  1). ( l o )

e$s(~):  ~

5, ‘J’tlc  probal)ility distrit)utiotls  zit titllc k -  l) arc cor[l~)utfd  a<

1’,. [,(r’; o) : 1[, f-lc ) ; }Ij.. /). r[.$’$(C)]l’~. /)[U(f);I]l~A.  ],[.$f:(~)]
e:r(e): r

}’k. 1,(1/;0)  : }/c;lc ) ; Ak. [). ][ss(c)]l’k.  J)[c(c); I]IJL.  I ) [ s}  ’(e)]
e u(r): 11

(11)

(1’2)



,f.~ ‘J’l~c scwoIIcl siIIll)lifietl  versio]l c)f tile slidi Il: window S1S() al:,orit.1111)  (S14’-
S1S02)

f\ fllrtltcr sirll[)lificilti{jll  of tlIc slidill~, }villdow S1$; () :Il,r,<)ritllfli,  t h a t  si~,llilifor!!lv  rmllrcf s tlI( 111(111(.)ry

r~{lllircrflCllLs,  Cclllsists of tll~’ follolvi[tg, strf}s:

1.

:),

3,.

4.

5.

4.3
1.3,1

IIlitializatioll c)[ tlIc

}Iackward recursic]fl

Lac!ilvatd rcclltsiorl (t,illlt  k > J)):

}11(s)  : ;(J Vs ( M )

(tir,~c L >  1)):  it i s  [,crforlllcd  accordil,g  to tt,c ~~rcviotrs  ( i  O ) .

‘1’hc [~rotmt]iiity  distrit)utic)[ls  at tilllc  k [) a rc  cc) III\ Jutcd  accordirl~  to ~~rcvic)us (1 1) arid (12).

h4eIIlory aIIcl ccll)llj~lt:itic)]lttl  col]l~)lcxity

A l~c)riL)trI) SW-S ISO1

}’or  a cc,llvc)lutiorlal c o d e  wit}l  ~]aral[lc~crh  (~0, 7,{,), :ir,d  I]llt[il)tr Of  St:it CS ilr,  so ttiat  iVJ : ?ko and
,\T<) , !Jrao  , tllc alp,ori~lllll S\ V- SISol rccl~lirt-.m  to stor{ :V x  I ’ )  xtLl[r(b of .1’s arfd ))(,V{ -1 ,VC, ) i’aluc.s  of t)lc

irlp  Llt ullcorlstraillcd ~)rotjat~ilitics  l’~(u;  1), I’L(c; /).

M o r e o v e r ,  tc, u~)datc  the .,!’s arid f~’s for each tirli,- ills~tlrlt, it IICLCIS to ~,crforI[l 1, !“~ \r. N/ llllllti~)licfitic)rls

al]d  J\’ aclciltiofls  of .’VI  IIurllhcrs. “lo  outl)~lt  t}l(  s,, t c,f l,r<l},ai,i]ity  di~l,  rit, utic,lis ac eac]I  tiri~c irlsta~lt,  \\rc

r[cd  a  ])- tirfm IOl)g, backward rccllrsiorl. ‘] ’}ILIS L\Ic ccjf[l~)~lc:~[ic)!l:i]  Colr[[jlcxlty rrquir[’s overall:

* ?(l) -1 1) N . IVJ rll~llti~)lic:itic~tls

● (/) .1 1) IV (iVI - 1) additic~]ls.

4 ,3.? Al~cmithnl  SW- SISO:?

‘1’llis sir,li,lificcl  vcrsioll of Ltlc slidillp, Jvilldow S1S() al~,oti~llrli clocs Tlc,t requi[e tl, c stc~ra~,c of tffc N X I)

vaiucs  CI[ A ’s ,  as they arc  Ill)datcd wi th  a  de lay  of /j stclw, As  a co[]scqucflce, oftly N val IIcs  of ..1 aid

~)(.~{ ‘1 ~0) val~l~s CIf tll~ i)lptlt \lrlc~)llstrai~ld  jJrCj/lalJllitiC’S  }’k(lf;  ]), }’k(C; /) Ilf’Cd k) )X .St@rCd.

‘1’IIc cc)rll~]lltatiolta] corllplexity i s  tl]c sarl]c  of tllc j)rcvic,~ls  vcrsic)ll  c)f tllc aigc)ritlllrl. llo\vcvcI, since
tt)c  il]iti:ilizat. ior[ c>f tttc }] rc-cursic)[t i s  ICS5 accur:ite,  a lar~,cr  vallI( of l) II Jay I,c rlccc>saty.

:,
‘.l’]Jc! additiVC ~]s[] al[’,orit]~m  (A- SIS(I)

‘J’IIc sliclitlg,-)virl(lc]lv  S1S()  algc~ritllrtls SCJIVC the ~,rol~lclr]s  c)f colltiliuclusly ui)d:itir(f, tlic IJrc)l)at~ility distri -

I)utiolls, w i t h o u t  rcquirirl?, trel l is tcrlllirlatic)lls. ‘J’licir cc}lli~)\lt:tt,ic~]i:tl  coll]~~lcsity, ]iolvcvcr, i s  still lli F,il

wlIcf  I corllparcd to Otlier suhoj]tilllat algc)rithrrw l i k e  SO\/A. ‘J’)iis  i s  IIlairlly due to tllc fact tljat they iir~

I~tul12plicoti71e algc]ritllr]ls.  lrl ttlis sectic]tl, we  c)vcrcorllc  t}lis drawt]ack by j>roj)chirig,  tllc a d d i t i v e  vcrsiorl

c)f the S 1 S ( )  algc]ritliirl. ‘1’ltc sarllc j)rocedurc CaII clb\’icIIIsly  ;Il)[)licd tc] i t s  twc,  sliding Ivilldoi!’ vctsiorls
S\ WSISol arid  S}VS1S02.

“lb colivert tl]c p r e v i o u s  S1S()  algorittirll frorrl Illultil]licativc to  add i t ive  forr[l, }VC Cxl)]oit the Illc)lio

torlicity c)f tllc lclg,aritlllt) fuuctic)rl, arid usc for  ttlt. qllarltitics I’(I(; .), I’(c; .), ,Jt, 11 tllcir Il:ttllral lc]~,aritllrlls,

accord  ir]~j tc~ tlic fclllc)witlg  dcfiiliiio[ls:

?lk(~; ~) A kJ&[}’L(~;  ~)]

;Ik(ll; l) A Iq’,[}’k(l(; 1)]



ct~(s)  : 1}10:, ‘ rxp{rt~.  l[.f ’k(c)] -1 TIk[u(t’
/

p~(.$) : 1)10:, ; tw~){$?k.,  ,[.s’$(r)] -1 nk[ll; I

;1]-1 ?tk[c(f); l]} ,k: 1!. ..,71 (1”,’)

-1 XL[c(();  l]} ,L’z 11- 1 , . . . , 0 ,  (Is)

)vitll itlitial v:illl(.%:

‘J’lIr q[ialltitics  hc,  hU a r c  I]c1rIllali7atirlll corls[arlts  rIccdd  t.c~ I,rtvcrtt fror[i aII cxcewi\c  growirlp, :1[

ttlc rlulIlcrical values of m’s arlcl /? ’s.

‘J’llc })rc]l)lelil  irl t}lc l]rcvious rccursic]lls corlsists  irl l}Ic cvtiluati(, rl of tlIC  lc~~,arit]lrll  of a sllrll  of e.yJIcF

Ilclltials like:’

(1 : 10(,

[t 1
j’(x[J{(J,) (l!)).,

‘J’llis  :!~)l)rc,xirl]aticJll  assurllcs  that

[l,\f  > >  0, , Y(1I + [lJ\f



.,11

1,. ,, (),

(:’:))

(:’1)

\VhcfI  tlic  accllracy o f

it] (19)  t]sirtp, t.hc followirig

*(I) ,

~,(f) .

is riot s~l[iicitllt, w cal I I’\’aluatc u

[21, N]):

,,,,ix(a~’-  ‘), (,,) -/ 10/ ,  [ 1  -1 cxp(-  [at” ‘) - ( 7 , 1 ) ] ,  I : ?,... ,  1,

([)
0 ,

‘J’o cva]uak (I, t}ic al?,c>ritl)ll]  rccl[lircs  to iwlforlll (IJ - 1 )  tiltles twc,  kirtds ofc,~wratic,[ls: a  corl)[]arisoll

t,clwc(:r!  [1;’0 IIulllimrs to find t h e  lllaxilllulll, a n d  tile colllljutatic)il of

10:,[1 -~ (7X1,(- f \ ) ]  f \  ~ o

\\’c st!o!v  irl this sec t . i c , l l  cxarlli~l(:s  C)fal,!]licat.io[ls  of L})c AS}V-SIS()  II Iodulc CIIII)([ICI(CI  irl[c, tllr i t e r a t i v e

rlccodir[f, scherlles  o f  l’(~(; (k rrtld  S(;C;(;S  prcviolrsly slIo\vl  I irl lf’ig. 1 arid ? .
chrlsidcr, as  a first exarlll,le, ~ Imrailcl Cc,rlvc)lutic]rlal  cc,llcatctlatcd  code (turt>o  CO(IC, Or l’~; (;(’)

otltairlccl usir]~, m corlstitucnt codes two cquai rate 1/2  sysk’rrla  tic, tmrrrsivc, 16-state cc)rlvc]llltic]]l:~l
crlcc~dcrs  with gcllcratirlp,  Illat,  rix

‘l’tie  iIltcrlcaver  Ic?l}p,  tll is N:  16,384.  ‘J’IIC ovcIall l’(;(~(; forlrls a very j)c)wcrful c o d e  f o r  ~~cwsit)lr [rsc

ill a~]l)iicritic,rls  rcqrliril)p, tc)iat)]c o~wratio[l aL VCI)’ low si~, r!a-to rlc)iw  raLio, s~lct] a> dcc[l-s Jl?Lcc co[[llllll  -

IIicatiorls systcllls.
‘J’tle pctforrilallce of tile Corltirluous i t e r a t i v e  cfecodilig alp,c,ritliltt al)l,iicd Lc, t h e  cc,rlc:)t(’rl:it{cl  cok;

ot~tait]cd I)y sirllulat. iotl usirl~, t}lc A(S\\’-SIS() a!ld tlic Iook-ltl) tallle algc~ritllllls, arc  sllow,fi  itl l’i?,, fi, WI ICIC

wc j~lot  tllc h i t  e r r o r  I]rol]allility a’+ a furlctiorl of ttlc rlurlll)cr of itcratiorls of tllc dccodirl~, al?,oritlir[l for

varic)(ls  vat(les  c)f t,tl~ bit sl~,rlai.  k} rl~i~c’ ratio };,’b/A’(l. ]t ca[l t)(’ s(,~rl t]lat t])c dcc(ldirl~,  tl]~,~}rit]lrll  cc]rlvc’r~,~~s
. r

dowII  to arl error l~rot)ahlllty of 10- 0 fc]t si~,l la-to ric~lsc  rat. ios’of 0.2  cII{ witt) rlillc r~cratiolls Nforcovcr,
c(~llvcr~,crlcc is ~,[lararltccd also at si~, [lal-t,o lloisc ratios ~i< Ic)w as 0.05 dfj, \vllic\l is as close  as 0.5.5 d]] to

tll(S))arlrlorl crr~,:icity  lirrlit.

Asasccorld ex:irlll]lc, wc cc~rlst, ruct tllc s e r i a l  corlc:itctl;itior[  of two cc]Il\’c)l\lticlrltil  coclcs  (S(l(; (;) usirrg

as outer  code  t}Ic rate 1/2, &statc  rlorl rccursivc  cltcodcr  \\ ’itll p,crleratirlg rll:i~rix

G(f)): [1.1 /)-1 1)3 ,1-1 f)]
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, r , ! , l,, I T 1 1 1 I

I

i ,

l’.,)/N*=  4.75  ~
[

I’,;/No:  -().?() -
}’.,L/NO - 0 . 1 0
hi)m - -0.[)5  -
M!>-  O.(X) -
iJN;: 0.05 ----
}i}t/Nc,:().l()  - - -

,

7 3 4 5  [)7s 9 10 11 1? 1:{ ] i! Is

NLIIIIbCI  of i[cra[imls

a r i d ,  as inner c o d e ,  tl]e rate 1/2, &statc  rccursivc cllcodcr  wit]l ~,f.l~cratill~,  I[l:itrix

‘J’lIc resulting  S(;(lC; II:{< tato 1 / 4 .  ‘1’tlc  irltcrlcavtl  lcIIF,th  ha<  l,ccrl choscII tc,clisurc  a dccodirlf, d e l a y

irl teri[ls of irll)ut ill for II]atior] l~its  equal to 1 6 , 3 8 4 .
Tllc ~)crfc)rlll:irlcc o f  t}Ic collc:itcllatcd c o d e ,  ot~tailled l~y sirlllllatiori a< },cfor~’,  a r c  slI(I\\flI ill l’if, i ’ ,

IVllcrc  wc ~Jlot Lhc t)lt crrc~r ~jrc~t~al)ility  as a ful]rtiori of ttIc riurIll]er c>f iteraticlrjs c}f tlIc dccodirl~, ;Ll,g,orit}lrll

for  vdri~lll$  v~il[lCs ~)f tile t)it sip,rl~l.t~>llc)is~  r{lti~,  )~bl,~(].  IL cdrl I,c sccrl t}lat ttlc dccodirl~,  alp,oritilrli
cc~IlvtrF,cs dc)wrl to ari error ~~r~)l~al~ility of 1 0 ”  “ for  si~,r[a-t(>llc,isc  ratios of (1.10 d]{ willl 9 i~cr:!ticlrls,

Aforcovcr, cortvcr~,  crlce is guaral]tccd  F11$3(I at Sierlfil-tc>  [Ioisc  r:ltic~s  a< l(l~i’ as -() .1()  all;, wl]icll is as c lose  a~.,
().i’l d}] totllc capac i ty  lirIlit.

A s  a third, arrd fi~ral,  cx[irlll~lc, wc corrl[jar~ tlIc l~crforlliaricc o f  a l’(~C(~ aIId S(~(~(~  }vitl~ t.lic sarjtc

rak aIId  cclrrjJJ]cxity.  ‘J’hc corlc~tcrlatccl c o d e  r a t e  is 1 / 3 ,  t}ie (;(;s arc +statc rccutsivd cr)coclcts  ( r a t e s

1/2-1 l/2 for I’(;C;(;S, aIIcl rates 1/? .1 2/3 for t}lc S(:(~(;s), :irld tlIc dccodirlr, dciays ill tcrrlls o f  iri~)ut

bitsiscqurrl k 16,384. III l’if,.8, wcrc~wrt t}rc  l)it error ~)rc~l,a})ilityvcrs(ls  tllcsip,ll:tl-tc)rl(lisc ratio forsix
. .

arid rlltlc dccc)d III~, Itcrzitlc)rm.  A s  tlic cur},  cs SI1OW, lIIC l’(;[~(~  c~utl,crforrlls tile S(;(~Cl  f o r  }Iig,ll  val(lcs c,f

ttrc  I)it error }~rc]t~al~ilitics. llclow 10- s  ( f o r  rlirlc  itcraliorls), t.lic S(;(<J I)c}i:ivcs si~,r[ificarltly }wttcr, ar]d

dcIcs rrd l~rcserlt  tllc “ f l o o r ” l~ellavic)r  tyl, ical c,f l’[;(~(k. lrl IIarticular, a t  10- ‘, S(; [;(; lIas  2rl advantage

clf ().5 d}] witli riiI\c it.eratiorls.
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